Introduction {#Sec1}
============

In inertial confinement fusion (ICF)^[@CR1]--[@CR3]^, the main parametric decay instabilities include stimulated Raman scattering (SRS) and stimulated Brillouin scattering (SBS). SRS^[@CR4]^ is a three-wave interaction process where an incident light couples with a forward-propagating Langmuir wave (LW) to produce a backward scattering light (BSRS) or forward scattering light (FSRS). And SBS^[@CR5]^ is a three-wave interaction process where an incident light couples with an ion-acoustic wave (IAW) to produce a backscattering light. BSRS and SBS will lead to a great energy loss of incident laser. And BSRS or FSRS will produce a number of hot electrons to preheat fusion fuel, which will have a detrimental effect on the symmetrical compression of fusion capsule. Thus, the suppression of SRS and SBS is an important component of the laser-driven ICF research.

The possible saturation mechanisms for BSRS are trapped-particle instability^[@CR6]^, Langmuir decay instability (LDI)^[@CR7]--[@CR14]^, Langmuir collapse^[@CR15]--[@CR18]^, or nonlinear frequency shift due to particle trapping^[@CR19]--[@CR22]^ and so on. Many mechanisms for the saturation of SBS have been proposed, such as increasing linear Landau damping by kinetic ion heating^[@CR23],[@CR24]^, the creation of cavities in plasmas^[@CR25],[@CR26]^, frequency detuning due to particle trapping^[@CR27]--[@CR29]^, coupling with higher harmonics^[@CR30]--[@CR32]^ and so on. The rescattering in laser plasma interaction is also an important saturation mechanism of SRS or SBS. Especially, SBS cascade scattering as a saturation mechanism of SBS in high-intensity laser-plasma interaction had been researched by Feng *et al*.^[@CR33]^ And Winjum *et al*.^[@CR34]^ researched the role of BSRS of BSRS, BSRS of FSRS in superthermal electron generation if the electron density was lower than $\documentclass[12pt]{minimal}
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                \begin{document}$${n}_{c}$$\end{document}$ is the critical density of incident laser). SBS of FSRS had been found by Langdon *et al*.^[@CR35]^ and been observed in experiment by Hinkel *et al*.^[@CR36]^ in the condition of high electron temperature, where the FSRS would be much stronger than BSRS. However, in moderate electron density such as $\documentclass[12pt]{minimal}
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                \begin{document}$${n}_{e}=0.1-0.2{n}_{c}$$\end{document}$, which is closer to the ICF experiment condition, the BSRS will dominate in all scatterings. Thus, the rescattering of BSRS by SBS may occur if the BSRS is strong enough.

In this paper, we report the first demonstration that SBS of BSRS will exist especially in the high electron density region, such as $\documentclass[12pt]{minimal}
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                \begin{document}$${n}_{e} \sim 0.2{n}_{c}$$\end{document}$, where the BSRS is in the regime of absolute instability and will dominate in all the scatterings. Through 1D relativistic Vlasov-Maxwell simulation and 2D PIC simulation, the subtle spectrum of SBS of BSRS has been distinguished from FSRS. And in regime of absolute instability for BSRS, the SBS of BSRS will be even stronger than FSRS and SBS excited by the incident laser. These results illustrate that besides LDI and laser energy absorption, the SBS of BSRS is also an important saturation mechanism of BSRS in high electron density region.

Results {#Sec2}
=======

Theoretical analyses {#Sec3}
--------------------

 Figure [1](#Fig1){ref-type="fig"} gives a schematic of main three-wave instabilities, such as BSRS, SBS, FSRS and rescatterings. Especially, if the BSRS is strong enough, the BSRS scattering light will excite SBS as a pump light. For example, the BSRS is in the regime of absolute instability in condition of $\documentclass[12pt]{minimal}
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                \begin{document}$${n}_{e}=0.2{n}_{c}$$\end{document}$, thus the BSRS is a strong pump light to excite SBS. If $\documentclass[12pt]{minimal}
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                \begin{document}$${n}_{c}^{F}$$\end{document}$ of FSRS scattering light is slightly lower than $\documentclass[12pt]{minimal}
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                \begin{document}$$0.25{n}_{c}^{F}$$\end{document}$, thus, BSRS of FSRS can not exist. In the same way, BSRS of BSRS will exist in condition of $\documentclass[12pt]{minimal}
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                \begin{document}$${n}_{e} < 0.1{n}_{c}$$\end{document}$. The LW generated by FSRS will couple with the incident pump light to generate a scattering light with higher frequency than the pump light, which is called anti-Stokes FSRS (A-FSRS) process. In our simulation, $\documentclass[12pt]{minimal}
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                \begin{document}$${n}_{e}=0.1{n}_{c}$$\end{document}$ are taken as typical parameters to simulate rescatterings of BSRS. Thus, there are scattering lights of BSRS, BSRS of FSRS and SBS from the left boundary, and SBS of BSRS, FSRS, A-FSRS from the right boundary.Figure 1The schematic diagram of the main three-wave relations in laser-plasma interaction.

Under the envelope approximation, coupling of SRS and SBS can be described by linear five-waves interaction equations in homogenous plasmas^[@CR5],[@CR37],[@CR38]^: $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\frac{\partial }{\partial t}+{v}_{g0}\frac{\partial }{\partial x}+{\nu }_{0}){A}_{0}(x,t)=-i\frac{\pi {e}^{2}}{{\omega }_{0}{m}_{e}}(\delta {n}_{L}{A}_{R}+\delta {n}_{A}{A}_{B}),$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\frac{\partial }{\partial t}-{v}_{gR}\frac{\partial }{\partial x}+{\nu }_{R}){A}_{R}(x,t)=-i\frac{\pi {e}^{2}}{{\omega }_{R}{m}_{e}}\delta {n}_{L}^{* }{A}_{0},$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\frac{\partial }{\partial t}-{v}_{gB}\frac{\partial }{\partial x}+{\nu }_{B}){A}_{B}(x,t)=-i\frac{\pi {e}^{2}}{{\omega }_{B}{m}_{e}}\delta {n}_{A}^{* }{A}_{0},$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\frac{\partial }{\partial t}+{v}_{gL}\frac{\partial }{\partial x}+{\nu }_{L})\delta {n}_{L}(x,t)=-i\frac{{n}_{e}{e}^{2}{k}_{L}^{2}}{4{\omega }_{L}{m}_{e}^{2}{c}^{2}}{A}_{0}{A}_{R}^{* },$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\frac{\partial }{\partial t}+{v}_{gA}\frac{\partial }{\partial x}+{\nu }_{A})\delta {n}_{A}(x,t)=-i\frac{{\bar{Z}}_{i}{n}_{e}{e}^{2}{k}_{A}^{2}}{4{\omega }_{A}{m}_{e}{\bar{m}}_{i}{c}^{2}}{A}_{0}{A}_{B}^{* },$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${A}_{0}(x,t)$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${A}_{R}(x,t)$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$\delta {n}_{A}(x,t)$$\end{document}$ are the complex amplitudes of the vector potentials of SBS backscattering light and IAW. And $\documentclass[12pt]{minimal}
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In homogeneous plasmas, the threshold of SRS is $$\documentclass[12pt]{minimal}
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The maximum temporal growth rate and gain of BSRS, FSRS, SBS and SBS of BSRS have been shown in Fig. [2](#Fig2){ref-type="fig"}. If the pump light amplitude is assumed to be incident light amplitude, the growth rate of SBS will be larger than that of the SBS of BSRS. And the growth rate of BSRS is much larger than that of FSRS, SBS and SBS of BSRS, thus the BSRS will dominate in all the scatterings in the condition of $\documentclass[12pt]{minimal}
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Vlasov simulations {#Sec4}
------------------

To show the SBS of BSRS process, the dispersion relations of electromagnetic waves and electrostatic waves are shown in Fig. [3](#Fig3){ref-type="fig"}. We can see that the frequencies of FSRS and SBS of BSRS are very close to each other. We can distinguish these two scatterings by the products of FSRS and SBS of BSRS. The LW produced by FSRS is very clear as shown in Fig. [3(b)](#Fig3){ref-type="fig"}, and the IAW produced by SBS of FSRS can be seen in Fig. [3(c)](#Fig3){ref-type="fig"}. Since the wave number of LW generated by BSRS $\documentclass[12pt]{minimal}
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PIC simulations {#Sec5}
---------------

To verify that there exists SBS of BSRS in 2D system, a short scale 2D PIC simulation with $\documentclass[12pt]{minimal}
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Discussions {#Sec6}
===========

When the electron density is lower than $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \sim 0.108{n}_{c}$$\end{document}$ in the condition of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${T}_{e}=2.5keV$$\end{document}$, the BSRS of FSRS will occur. Figure. [12](#Fig12){ref-type="fig"} demonstrates the spectra and scattering rates of each scattering light in the condition of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.1{n}_{c}$$\end{document}$, other conditions are the same as case 3 shown in Fig. [5](#Fig5){ref-type="fig"}. Besides SBS, BSRS, SBS of BSRS, FSRS and A-FSRS, the BSRS of FSRS will occur. The electron density corresponding to the critical density of BSRS of FSRS $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{c1}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.1{n}_{c}=0.1/0.32{6}^{2}{n}_{c1}=0.94{n}_{c1}$$\end{document}$, which is close to the critical density of BSRS of FSRS. Thus, the reflectivity of BSRS of FSRS will be very strong. We can see that reflectivity of BSRS of FSRS (labelled as "R of BSRS of FSRS") is stronger than BSRS of FSRS. The average scattering rates are as follows: BSRS: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$16.49 \% $$\end{document}$, BSRS of FSRS: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.68 \% $$\end{document}$, R of SBS of FSRS: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.38 \% $$\end{document}$, SBS: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.093 \% $$\end{document}$, SBS of BSRS: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.19 \% $$\end{document}$, FSRS: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3.2 \% $$\end{document}$, A-FSRS: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.094 \% $$\end{document}$, transmitivity: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$38.63 \% $$\end{document}$, and absorption: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$38.25 \% $$\end{document}$. Besides BSRS, the dominant scatterings are R of BSRS of FSRS, FSRS. The SBS and SBS of BSRS are very weak, which can be negligible. Since BSRS of FSRS will develop after FSRS, the FSRS will dominate before $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\simeq 6000{T}_{0}$$\end{document}$, and the reflectivity of BSRS of FSRS will dominate after $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\simeq 6000{T}_{0}$$\end{document}$. Since BSRS is in the regime of convective instability in condition of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.1{n}_{c},{T}_{e}=2.5keV$$\end{document}$, and in the regime of absolute instability in condition of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.2{n}_{c},{T}_{e}=2.5keV$$\end{document}$, the BSRS in condition of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.1{n}_{c}$$\end{document}$ as shown in case 4 will be obviously weaker than that in condition of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.2{n}_{c}$$\end{document}$ (case 3). Thus, the transmitivity in case 4 (Fig. [12](#Fig12){ref-type="fig"}) is much larger than that in case 3 (Fig. [5](#Fig5){ref-type="fig"}). Large-amplitude BSRS will deplete the pump light in case 3, thus the FSRS excited by the pump light in case 3 is weaker than that in case 4. Since the BSRS with scattering rate $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$16.49 \% $$\end{document}$ in the condition of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.1{n}_{c}$$\end{document}$ shown in Fig. [12](#Fig12){ref-type="fig"} is not strong, thus the SBS of BSRS will be very weak. Therefore, in the low electron density region, the SBS of BSRS has little effect on BSRS. When $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e} < 0.1{n}_{c}$$\end{document}$, such as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.09{n}_{c}$$\end{document}$, the main rescattering mechanism of BSRS is BSRS of BSRS^[@CR34]^.Figure 12The spectra and scattering rate of each scattering in the condition of case 4. The frequency spectra of (**a**) reflective light electric field $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${E}_{R}$$\end{document}$ and (**c**) transmitting light electric field $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${E}_{T}$$\end{document}$. (**b**) The intensity of BSRS $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$([0.45,0.75]{\omega }_{0})$$\end{document}$ and SBS $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$([0.9,1.1]{\omega }_{0})$$\end{document}$ at left boundary, and transmitting light $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$([0.9,1.1]{\omega }_{0})$$\end{document}$ at right boundary. (**d**) The intensity of FSRS $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$([0.665,0.8]{\omega }_{0})$$\end{document}$, SBS of BSRS $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$([0.45,0.665]{\omega }_{0})$$\end{document}$, BSRS of FSRS $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$([0.2,0.45]{\omega }_{0})$$\end{document}$ and reflection of BSRS of FSRS $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$([0.2,0.45]{\omega }_{0})$$\end{document}$. The condition is case 4: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${n}_{e}=0.1{n}_{c},{I}_{0}=3\times 1{0}^{15}W/c{m}^{2},{L}_{x}=5000c/{\omega }_{0}$$\end{document}$.
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We have also conducted simulation in the condition of fixed ions, which is not shown in this paper. The other conditions are the same as case 2 except the ions are fixed, which is case 6 as shown in Table [1](#Tab1){ref-type="table"}. There only exist BSRS, FSRS, A-FSRS and corresponding reflective lights in the spectra. And the SBS, SBS of BSRS and LDI will not occur. The average scattering rates of scatterings are: BSRS: $\documentclass[12pt]{minimal}
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Conclusions {#Sec7}
===========

In conclusions, a rescattering of BSRS by SBS has been researched by both 1D Vlasov simulations and 2D PIC simulations. The novel rescattering mechanism SBS of BSRS is found both in short-scale and long-scale 1D and 2D systems. The SBS of BSRS will be stronger than SBS, which may be an important saturation mechanism of BSRS in regime of absolute instability for BSRS. Especially, in small scale plasmas, the SBS of BSRS will be stronger than FSRS. Besides LDI and laser energy absorption, SBS of BSRS will reduce BSRS, thus saturating BSRS. And density gradient can on one hand reduce FSRS and absorption of pump light, thus increasing transmitivity, and on the other hand reduce SBS of BSRS and BSRS of FSRS by wide-band frequency. These results are important to increase transmitivity of pump light and reduce BSRS in ICF, and the novel rescattering mechanism produces a light with new frequency, which may be taken used of in optics.

Methods {#Sec8}
=======
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